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Abstrac t  

A comparison of low-energy charged p a r t i c l e  intensi- 

t i e s  measured with t h e  low-al t i tude s a t e l l i t e  Injurl  5 and a 

ground-based observat ion of an au ro ra l  a r c  a t  F o r t  churchiB1 

on 2 1  December 1968 during l a t e  l o c a l  evening has estab-  

l i s h e d  t h a t  an in tense  p r e c i p i t a t i o n  band of e l e c t r o n  inten- 

s i t i e s  provides t h e  primary energy i n f l u x  f o r  t h e  au ro ra l  

l i g h t .  This p r e c i p i t a t i o n  event was loca ted  poleward of 

and adjacent  t o  t h e  t rapping  boundary f o r  more ene rge t i c  

e l e c t r o n  ( E  > 45 keV) i n t e n s i t i e s .  The peak energy f l u x e s  

Z -1 were - 10 e rgs  (cm -sec-sr)  d i r e c t e d  along the  l o c a l  mag- 

n e t i c  f i e l d  d i r e c t i o n  i n t o  the e a r t h ' s  atmosphere. Proton 

and e l e c t r o n  i n t e n s i t i e s  s i m i l a r  t o  those i n  t h e  plasma 

s h e e t  i n  t h e  magnetotail  were observed i n  a  s u b s t a n t i a l l y  

l e s s  in tense  zone pos i t ioned equatorward of  and adjacent  t o  

the  t rapping boundary. Angular d i s t r i b u t i o n s  of  these  par- 

t i c l e  i n t e n s i t i e s  from t h e  plasma s h e e t  were peaked a t  p i t c h  

angles  perpendicular  t o  t h e  l o c a l  magnetic f i e l d .  

The in tense  p r e c i p i t a t i o n  band of e l e c t r o n  i n t e n s i t i e s  

poleward of  t h e  t rapping  boundary i s  i n t e r p r e t e d  a s  the  sig- 

na tu re  of d i r e c t  acce le ra t ion  of magnetosheath e l e c t r o n s  

i n t o  t h e  e a r t h ' s  atmosphere. The plasma s h e e t  proton and 

e l e c t r o n  i n t e n s i t i e s  observed equatorward of t h e  trappi.ng- 

boundary a r e  i d e n t i f i e d  a s  t h e  ' d e b r i s '  from t h i s  intense 

p r e c i p i t a t i o n  band loca ted  adjacent  t o  the  t rapping boundary. 



I .  In t roduct ion  

Simultaneous observat ions of the  au ro ra l  l i g h t s  and 

t h e i r  a s soc ia t ion  with p r e c i p i t a t i n g  e l e c t r o n  and proton 

i n t e n s i t i e s  a r e  e s s e n t i a l  f o r  eventual  d e l i n e a t i o n  of t h e  

mechanisms respons ib le  f o r  these  phenomena. Low-altitude 

rockets  capable of  comprehensive measurements of low-energy 

charged p a r t i c l e  i n t e n s i t i e s  have been launched d i r e c t l y  

i n t o  v i s i b l e  aurora [ c f .  Evans, 19691 . However, t h e  spa- 

t i a l  coverage of  these  rocket  t r a j e c t o r i e s  appears t o  be 

inadequate f o r  determinat ion of such f e a t u r e s  a s  t h e  "tap- 

ping boundary' f o r  ene rge t i c  e l e c t r o n s ,  t h e  proton r i n g  

c u r r e n t ,  t he  plasma shee t  and the  h igh- la t i tude  magnetotail  

r e l a t i v e  t o  t h e  a u r o r a l  l i g h t  emissions.  Coordinated oh- 

se rva t ions  of  au ro ra l  emissions with photometers borne on 

a i r c r a f t  and of p r e c i p i t a t i n g  low-energy charged particles 

on po la r  o r b i t i n g ,  low-al t i tude s a t e l l i t e s  a l s o  have been 

repor ted  [ c f .  Meyerott and Evans, 19691, b u t  again these 
\ 

r e s u l t s  were i n s u f f i c i e n t  f o r  i d e n t i f y i n g  t h e  topologica l  

f e a t u r e s  of  t h e  magnetospheric plasma d i s t r i b u t i o n s  with 

t h e  low-al t i tude phenomena. Vasyliunas [I9701 has been 

able  t o  i d e n t i f y  au ro ra l  a r c s  i n  a l l - sky  camera p i c t u r e s  

with the  inner  edge of  the  plasma s h e e t  a s  measured with 

a  low-energy e l e c t r o n  de tec to r  a t  h igher  a l t i t u d e s  with OGO-1. 



We r e p o r t  here  comprehensive observat ions  of low- 

energy e l e c t r o n  and pr-ton i n t e n s i t i e s  with t h e  po la r  orbit- 

i n g ,  low-al t i tude s a t e l l i t e  In jun  5 over a  v i s u a l  au ro ra l  

a r c  a s  recorded simultaneously by an a l l - sky  camera a t  Port 

Churchi l l ,  Manitoba, Canada. The p a r t i c l e  observat ions  a r e  

s u f f i c i e n t  i n  energy range and temporal r e s o l u t i o n  for deter- 

mination of the  ' t r app ing  boundary' f o r  ene rge t i c  electrons 

and o f  t h e  low-al t i tude s igna tu res  of  t h e  plasma shee t  and 

t h e  proton r i n g  c u r r e n t .  One of  the  most i n t e r e s t i n g  eon- 

c lus ions  o f  t h i s  comparison of  measurements i s  t h a t  t h e  

magnetic f i e l d  l i n e s  threading t h e  v i s u a l  a u r o r a l  a r e  a r e  

n o t  topo log ica l ly  extended i n t o  t h e  plasma s h e e t  i n  t h e  

d i s t a n t  magnetosphere. This r e s u l t  is  i n  agreement with 

i n t e r p r e t a t i o n s  of  r ecen t  observat ions of plasmas i n  t h e  

e a r t h ' s  d i s t a n t  po la r  magnetosphere and a t  low a l t i t u d e s  

over t h e  au ro ra l  zones [Frank, 1971a, b; Frank and G u r n e t t ,  

19711. For a  d iscuss ion  of simultaneous measurements of 

very-low-frequency r a d i o  noise  during t h e  s e r i e s  of p a r t i c l e  

observat ions repor ted  here  t h e  reader  i s  r e f e r r e d  t o  t h e  

companion paper by Mosier and Gurnett  [1971]. 



1 1  Observations 

Our measurements of the low-energy proton and electron 

intensities over a visual auroral arc were obtained with an 

array of electrostatic analyzers on the polar orbiting, low- 

altitude satellite Injun 5. This satellite was magnetieafly 

aligned and was injected into an orbit with initial apogee 

and perigee altitudes 2528 and 677 km, respectively, and 

inclination 81". The altitude of the following observations 

was - 2250 km and the corresponding magnetic local time was 

.v 1930 (local evening). The instrumentation could be oper- 

ated in a variety of modes controlled by ground commancZ. 

For the present series of observations the Low Energy Proton 

and Electron Differential Energy Analyzers (LEPEDEA's) pro- 

vided 117-point differential energy spectrums of trapped 

and precipitated proton and electron intensities, simul- 

taneously and separately, in a 970-millisecond sampling 

interval once each two seconds. The corresponding proton 

and electron energy ranges were 40 5 E < 12,000 eV and 

50 s E 5 15,000 eV, respectively, for this instrument sper- 

ating mode. Directional, integral intensities of more ener- 

getic electrons, E > 45 keV, were measured with an accern- 

panying array of collimated, thin-windowed Geiger-~uePler 

tubes. Further details concerning the satellite and 



instrumentat ion have been given by Frank and Ackerson [ P 9 7 l l .  

All-sky camera p i c t u r e s  of t h e  au ro ra l  a r c  t aken  a t  

F o r t  Churchi l l  on 2 1  December 1968 a r e  presented i n  ~ i g u r e  1 -  

Due t o  t h e  low c o n t r a s t  of  t h e  o r i g i n a l  photographs these  

observat ions have been reproduced by l i n e  drawings  osier 

and Gurnet t ,  19711. The magnetic f i e l d  l i n e  passing through 

t h e  s a t e l l i t e  p o s i t i o n  has  been t r aced  down t o  an a l t i t u d e  

o f  100 km f o r  each a l l - sky  camera frame. This i n t e r s e c t i o n  

of t h e  f i e l d  l i n e  with t h e  su r face  a t  100 km a l t i t u d e  i s  

ind ica ted  by t h e  d o t s  near t h e  western limb of each line 

drawing i n  Figure 1. The s a t e l l i t e  c l e a r l y  passed over  e 

s i n g l e ,  well-defined auro ra l  a r c .  Fur ther  d i scuss ion  c f  

t h e s e  a l l - sky  camera observat ions  i s  given by Mosier and 

Gurnet t  [1971]. The magnetic index K was 0  f o r  t h e  three- 
P 

hour per iod (2100 t o  2400 U . T . )  preceding t h i s  pass  and. 3- 

f o r  t h e  per iod  during t h e  observat ions .  

Corresponding observat ions of  t h e  p r e c i p i t a t e d  eLee- 

t r o n  i n t e n s i t i e s  over t h e  energy range 50 t o  15,000 eV a re  

displayed i n  t h e  color-coded, energy-time ( E - t )  spectrogram 

i n  P l a t e  l a .  The o r d i n a t e  s c a l e  i s  e l e c t r o n  energy i n  units 

of  eV and the  absc i s sa  i s  Universal  Time [Frank and Ackerssn ,  

19711. The de tec to r  response i s  c o l o r  coded from blue t o  

r e d  (low t o  high responses) a t  each p o i n t  i n  t h e  E - t  plane. 

A co lo r  c a l i b r a t i o n  s t r i p  f o r  the  loglO of  t h e  d e t e c t o r  

response i n  counts (second)-' i s  provided a t  t h e  



right-hand s i d e  of t h e  graph. Magnetic i n v a r i a n t  Latitude 

( A )  , magnetic f i e l d  magnitude ( B )  a t  t h e  s a t e l l i t e  position 

and corresponding magnetic l o c a l  time (MLT) a r e  g iven  a t  

t h e  bottom of P l a t e  l a .  

Examination of the  e l e c t r o n  p r e c i p i t a t i o n  pattern 

shown i n  P l a t e  l a  r e v e a l s  a  s i n g l e  in tense  event  over t h e  

time per iod  0152:32 t o  0153:OO U . T .  and an ad jacen t  equator- 

ward band of  s u b s t a n t i a l l y  l e s s e r  i n t e n s i t i e s  a t  01..53:80 to 

0153:45 U . T .  The in tense  event i s  o f  t h e  type designated 

a s  ' i n v e r t e d  V' p r e c i p i t a t i o n  bands a s  descr ibed by Frank 

and Ackerson [1971]. These p r e c i p i t a t i o n  events  a r e  usually 

charac te r i zed  by e l e c t r o n  average energies  which increase 

t o  a  maximum energy and subsequently decrease a s  the satel- 

l i t e  passes  through these  regions .  The angular distributions 

a r e  o f t e n  h igh ly  an i so t rop ic  favoring small  p i t c h  angles 

d i r e c t e d  i n t o  the  atmosphere; and peak d i r e c t i o n a l  i n t e n -  

9  2 s i t i e s  a r e  t y p i c a l l y  z 10 e l e c t r o n s  (cm - sec - s r ) - I  [Frank 

and Gurnet t ,  1971; Frank and Ackerson, 19711. For t.he 

low-energy ' i n v e r t e d  V' event of P l a t e  l a  t h e  average elee- 

t r o n  energy ranged from Q 100 eV t o  670 eV, t h e  peak direc-  

9  2 t i o n a l  i n t e n s i t i e s  were 4  x 10 (cm -sec-s r ) - I  and t h e  peak 

3  -1 number d e n s i t y  was 4.5 (cm -sr) . 
Several  s e l e c t e d  d i f f e r e n t i a l  energy spectrums for  

t h i s  in tense  p r e c i p i t a t i o n  band a r e  shown i n  Figure 2 .  



Trapped and p r e c i p i t a t e d  e l e c t r o n  i n t e n s i t i e s ,  measured 

simultaneously,  a r e  compared. A s  Universal  Time i n c r e a s e s ,  

t h e  s a t e l l i t e  i s  moving equatorward and t h e  corresponding 

angular d i s t r i b u t i o n s  a r e  h ighly  an i so t rop ic  near t h e  pole- 

ward edge of  t h e  event and progress  toward i so t ropy  a s  the 

s a t e l l i t e  approaches the  equatorward boundary. 

The in tense  ' i n v e r t e d  V' p r e c i p i t a t i o n  band of Plate 

l a  co inc ides  with t h e  passage o f  t h e  s a t e l l i t e  over t he  

v i s u a l  au ro ra l  a r c  shown i n  Figure 1 wi th in  t h e  temporal 

accuracy of  t h e  combined observat ions .  The trapped and 

p r e c i p i t a t e d  e l e c t r o n  energy f luxes  displayed i n  t h e  bottom 

h a l f  of Figure 3 provide a  f u r t h e r  b a s i s  o f  comparison and 

summarize t h e  p i t c h  angle  an i so t rop ies  f o r  t h i s  s e r i e s  o f  

measurements. Note t h a t  a t  0152:41 U . T . ,  t h e  e l e c t r o n  

energy f luxes  p a r a l l e l  t o  t h e  l o c a l  magnetic f i e l d  (pre- 

c i p i t a t e d )  exceeded those f o r  e l e c t r o n s  with perpendicc lar  

p i t c h  angles  ( t rapped)  by f a c t o r s  Q 50. ~ u r i n g  t h i s  t i m e  

per iod  t h e  aurora br ightened beneath t h e  s a t e l l i t e  (see 

Figure 1) .  

The g ross  cha rac te r  of t h e  r e l a t i v e l y  weak electron 

p r e c i p i t a t i o n  band adjacent  t o  and equatorward of  t h e  main 

p r e c i p i t a t i o n  event  w i l l  be  of  i n t e r e s t  t o  us i n  later 

discuss ion  (see P l a t e  l a  a t  Q 0153: 00 t o  0153:45 U . T  . )  . 
The angular d i s t r i b u t i o n s  a r e  peaked a t  p i t c h  angles  



perpendicular  t o  t h e  magnetic f i e l d ,  t rapped energy f l u x e s  

-2 2 -1 a r e  Q 7 x 10 e r g  (cm -sec-sr)  , and corresponding precip- 

2 -1 
i t a t e d  e l e c t r o n  energy f luxes  a r e  - e r g  (cm -sec-sr)  a 

Average e l e c t r o n  energies  range from Q 150 t o  350 eV and 

number d e n s i t i e s  f o r  t h e  trapped e l e c t r o n  i n t e n s i t i e s  are 

3 -1 .- 2 x  (cm -sr) . These energy f luxes ,  average energies 

and number d e n s i t i e s  fo r  t h e  trapped e l e c t r o n  i n t e n s i t i e s  

i n  t h i s  l e s s e r  p r e c i p i t a t i o n  zone a r e  no t  l a r g e l y  d.issimila:r 

t o  those repor ted  f o r  s o f t  e l e c t r o n  spectrums i n  the plasma 

s h e e t  a t  18 RE ( R ~ ,  e a r t h  r ad ius )  by Hones e t  a1  [1971!. 

The simultaneous observat ions  of  e l e c t r o n  E > 45 keV 

i n t e n s i t i e s  provide f u r t h e r  evidences a s  t o  t h e  r e l a t i o n s h i p  

of  these  low-energy e l e c t r o n  zones t o  t h e  d i s t a n t  magneto- 

sphere .  Trapped and p r e c i p i t a t e d  e l e c t r o n  i n t e n s i t i e s  a r e  

summarized i n  the  upper h a l f  of Figure 3 .  The ' t r app ing  

boundary' f o r  ene rge t i c  e l e c t r o n s  i s  encountered a t  0153:00 

(k 10 seconds) .  This  t rapping  boundary has been previously 

i n t e r p r e t e d  by Frank and Gurnet t  [1971] a s  d e l i n e a t i n g  t h e  

p o s i t i o n  of t h e  l a s t  c losed  f i e l d  l i n e ,  i . e . ,  a l l  field 

l i n e s  above t h i s  ' t r a p p i n g  boundary ' ,  a s  viewed with a 

de tec to r  with generous geometric f a c t o r ,  a r e  open t o  the  

i n t e r p l a n e t a r y  medium. The in tense  inver t ed  ' V '  p rec ip i -  

t a t i o n  band i s  loca ted  poleward and adjacent  t o  t h e  t r ap -  

ping boundary and the  l e s s  in tense  zone of lower energy 



electrons is positioned equatorward of this boundary (corn- 

pare Figure 3 with Plate la). Measurable intensities of 

higher energy electrons E > 45 keV precipitated into the 

atmosphere are observed within this less intense zone. 

Thus far our presentation strongly favors identifying 

the lower-intensity electron band encountered over Ob53:00 

to 0153:45 U.T. in Plate la with the plasma sheet in the 

magnetotail. Simultaneous observations of proton intensities 

over the energy range 40 s E 2 12,000 eV confirms this iden- 

tification. An E-t spectrogram for trapped proton intensi- 

ties is shown in Plate lb. The proton intensities are Low, 

but the location of measurable intensities is readily dis- 

cernible. Proton intensities above the instrument mode 

threshold are encountered over 0153:OO to - 0154:10 U.Te 
The average proton energy increases as the satellite moves 

equatorward. This proton zone is bounded on the poleward 

side by the trapping boundary and extends equatorward of 

the lower intensity electron band which we have identified 

with plasma sheet electron intensities. The proton intensi- 

7 2 -1 ties at the equatorward boundary, - 10 (cm -sec-sr) , are 

similar to those for the quiet-time ring current at the 

magnetic equator [cf. Frank, 19671 . We identify this pro- 

ton band as the low altitude signature of the plasma sheet 

and ring current proton intensities. In fact the poleward 





111. Discussion 

Our comparison of low-energy charged p a r t i c l e  i n t e n -  

s i t i e s  measured with t h e  low-al t i tude s a t e l l i t e  Injun 5 and 

a  ground-based observat ion of an a u r o r a l  a r c  has  c l e a r l y  

e s t ab l i shed  t h a t  an ' i n v e r t e d  V' p r e c i p i t a t i o n  band s f  elec- 

t r o n  i n t e n s i t i e s  o f  t h e  type previous ly  descr ibed by Frank 

and Ackerson [I9711 provides t h e  primary energy i n f l u x  for 

t he  au ro ra l  l i g h t .  This e l e c t r o n  p r e c i p i t a t i o n  band a t  l a t e  

l o c a l  evening was N 110 km i n  l a t i t u d i n a l  width and w a s  

pos i t ioned poleward of  and adjacent  t o  t h e  ' t r a p p i n g  bound- 

a r y '  f o r  more e n e r g e t i c  e l e c t r o n  (E > 45 keV) i n t e n s i t i e s .  

A considerably l e s s  in tense  band o f  e l e c t r o n  inten- 

s i t i e s  was loca ted  equatorward o f  and adjacent  t o  t h e  ener- 

g e t i c  e l e c t r o n  t rapping  boundary. The energy f luxes ,  aver-  

age energies  and i n t e n s i t i e s  of protons and e l e c t r o n s  i n  

t h i s  region were n o t  l a r g e l y  d i s s i m i l a r  t o  those  observed 

i n  t h e  plasma s h e e t  [ c f .  Eather and Mende, 19711. No meas- 

urable  i n t e n s i t i e s  of  protons were observed i n  t h e  i n t e n s e  

' i n v e r t e d  V' p r e c i p i t a t i o n  band loca ted  poleward of the 

t rapping boundary. Peak energy f luxes  above and below the 

2 -1 t rapping  boundary were - 10 and 0.1 e r g  (cm -sec-s r )  

r e s p e c t i v e l y .  Large f ie ld-a l igned e l e c t r o n  i n t e n s i t i e s  

were observed above t h e  t rapping  boundary whereas e l e c t r o n  



i n t e n s i t i e s  were peaked a t  p i t c h  angles  perpendicular  t o  the  

l o c a l  magnetic f i e l d  f o r  lower l a t i t u d e s .  I n  view of all 

t hese  evidences we i d e n t i f y  t h e  r e l a t i v e l y  weak proton and 

e l e c t r o n  bands spanning 0153: 00 t o  Q 0154: 10 U . T .  of P l a t e s  

l a  and l b  a s  t h e  low-al t i tude s igna tu re  of  the  plasma sheet 

and r i n g  c u r r e n t  a t  t h e  magnetic equator .  

Recently we have presented f u r t h e r  evidences that 

t h e  t rapping boundary f o r  ene rge t i c  e l e c t r o n s  a s  observed 

here  with a  d e t e c t o r  of  generous geometric f a c t o r  i s  coin- 

c i d e n t  with t h e  boundary between magnetic f i e l d  l i n e s  closed 

wi th in  t h e  magnetosphere and open f i e l d  l i n e s  t o  t h e  inter- 

p lane ta ry  medium [Frank, 1971a, b ;  Frank and Gurnet t ,  E97l . l .  

Hence f i e l d  l i n e s  threading the  i n t e n s e  e l e c t r o n  precipita- 

t i o n  band during 0152.32 t o  0153:OO of P l a t e  l a  a r e  eon- 

nected t o  i n t e r p l a n e t a r y  magnetic f i e l d  l i n e s .  More spec i f -  

i c a l l y  these  f i e l d  l i n e s  a r e  mapped i n t o  t h e  downstream 

magnetosheath adjo in ing  the  plasma s h e e t  [Frank, 197la:  

Frank and Gurnett  19711. The number d e n s i t i e s ,  2 t o  4 

3 -1 9 2 (cm -sr) , and d i r e c t i o n a l  i n t e n s i t i e s ,  Q 4 x 10 (em -sec  

-1 -sr) , a r e  s i m i l a r  t o  those  t y p i c a l l y  observed i n  t h e  mag- 

netosheath . We have previous ly  r epor ted  and i n t e r p r e t e s  

simultaneous observat ions  of  convection e l e c t r i c  f i e l d s ,  

' i n v e r t e d  V '  p r e c i p i t a t i o n  events ,  very-low-frequency elec- 

tromagnetic noise  and t h e  e n e r g e t i c  t rapping  boundary en 



terms of an au ro ra l  acce le ra t ion  mechanism opera t ive  a t  

a l t i t u d e s  5 1 t o  5 RE wi th in  t h e  ' i n v e r t e d  V '  e l e c t r o n  

p r e c i p i t a t i o n  bands [Frank and Ackerson, 1971: Frank and 

Gurnet t ,  1971; Gurnet t  and Frank, 19711. Hence we again 

i n t e r p r e t  our observat ions  of t h i s  in tense  p r e c i p i t a t i o n  

band a s  t h e  s igna tu re  of  d i r e c t  acce le ra t ion  of magneto-- 

sheath e l e c t r o n s  i n t o  t h e  e a r t h ' s  atmosphere v i a  a dynamo 

dr iven  by t h e  flow of  magnetosheath plasma p a s t  t h e  earth. 

The plasma shee t  i n  t h e  e a r t h ' s  magnetotai l  i s  

cha rac te r i zed  by e l e c t r o n s  with higher  average energy and 

considerably l e s s  dens i ty  r e l a t i v e  t o  those of t h e  magneto- 

sheath surrounding t h e  plasma s h e e t .  vasyl iunas [L971j 

has s t r e s s e d  t h a t  an understanding of the  o r i g i n s  of  t h e  

plasma s h e e t  r e s t s  important ly  on a proper i n t e r p r e t a t i o n  

of the  d i f f e r e n c e s  of  t h e  e l e c t r o n  populat ions i n  these t w o  

plasma reg ions .  ~ e t u r n i n g  t o  P l a t e  l a  we assume that recon- 

nect ion  of magnetic f i e l d  l i n e s  i s  occurr ing i n  t h e  vicinity 

of t h e  t rapping boundary a t  0153:OO U.T. [Frank, 1971aj and 

note  t h a t  (1) t h e  average e l e c t r o n  energies  j u s t  above and 

below t h e  t rapping boundary a r e  s i m i l a r ,  ( 2 )  t h e  d i r e c t i o n a l  

i n t e n s i t i e s  range up t o  two orders  of magnitude higher  above 

t h e  t rapping boundary r e l a t i v e  t o  those equatorward of  t h e  

boundary, ( 3 )  t h e  angular d i s t r i b u t i o n s  a r e  f i e ld -a l igned  

poleward o f  t h e  t rapping  boundary, approximately i s o t r o p i c  



near  the  boundary (over t h e  upward hemisphere of  p i t c h  

angles)  and peaked perpendicular  t o  t h e  magnetic field 

below t h e  t rapping boundary, and (4) measurable proton 

i n t e n s i t i e s  a r e  observed only equatorward of  t h e  t rapping  

boundary. --- Then we can only reasonably conclude -- t h a t  the 

i n t ense  e l e c t r o n  p r e c i p i t a t i o n  event  a s soc ia ted  -- w i t h  t h e  

v i s i b l e  ---- a r c  i s  no t  t h e  product  -- of an a c c e l e r a t i o n  - mechanism 

wi th in  - t h e  plasma s h e e t  --- b u t  t h a t  t h e  plasma s h e e t  

and e l e c t r o n  i n t e n s i t i e s  a r e  t h e  d e b r i s  which has been 
7 - -- 
trapped - on newly reconnected f i e l d  l i n e s  from ' i n v e r t e d  V "  

events  loca ted  adjacent  -- t o  t h e  t rappinq boundary. 

I t  i s  of i n t e r e s t  t o  note  here  t h e  r e s u l t s  of o u r  re-- 

c e n t  prel iminary inspect ion  of extended s e r i e s  of  E - t  spec- 

trograms of au ro ra l  p r e c i p i t a t i o n  p a t t e r n s  i n  search s f  

events  which could be a t t r i b u t e d  p r imar i ly  t o  an i n f l u x  s f  

plasma shee t  e l e c t r o n s .  These events  do occur and appear  

t o  be r e l a t e d  t o  magnetospheric substorms. An example s f  

such an event  i s  given i n  P l a t e  4b i n  t h e  paper by Frank 

and Ackerson [1971]. The e l e c t r o n  p r e c i p i t a t i o n  p a t t e r n  

i s  broad i n  l a t i t u d i n a l  width,  r e l a t i v e l y  s t r u c t u r e l e s s ,  

and loca ted  equatorward o f  the  t rapping  boundary. 

For some e l e c t r o n  p r e c i p i t a t i o n  p a t t e r n s ,  t h e  " t r a p -  

p ing boundary' f o r  e l e c t r o n s  E > 45 keV, which we u t i l i z e  

a s  a  n a t u r a l  coordina te  f o r  most of  our low-al t i tude ob- 

se rva t ions  a t  high l a t i t u d e s ,  i s  n o t  r e a d i l y  determined 



when t h e  ' i n v e r t e d  V' e l e c t r o n  bands r i s e  i n  average energy 

t o  > 10 kev. This d i f f i c u l t y  was no t  encountered for the 

E - t  spectrogram shown i n  P l a t e  l a  s ince  t h e  average electron 

energ ies  a r e  less than 1 keV. For p r e c i p i t a t i o n  patterns 

with c l e a r l y  de f inab le  t rapping boundaries t h e  ' i n v e r t e d  V" 

e l e c t r o n  bands, s i n g l e  o r  mul t ip le ,  a r e  pos i t ioned  psleward 

of  t h e  t rapping  boundary. Often one of  these  bands i s  lo- 

ca ted  adjacent  t o  t h e  t rapping  boundary. However, for  t h e  

' i n v e r t e d  V' event shown i n  P l a t e  5a of  Frank and Aekerson 

2 -1 [I9711 with peak energy f luxes  - 80 e r g s  (cm -sec-s r )  

during a  magnetic storm, l a r g e  i n t e n s i t i e s  of  e l e c t r o n s  

6 2 E > 45 keV, 2 5 x 10 (cm - sec - s r ) - l ,  were produced by t h e  

acce le ra t ion  mechanism. The angular d i s t r i b u t i o n s  of these 

more ene rge t i c  e l e c t r o n  i n t e n s i t i e s  approached i s o t r o p y ,  

Hence it appears t h a t  ' i n v e r t e d  V' e l e c t r o n  events  can a l s o  

provide l a r g e  inc reases  of e l e c t r o n  i n t e n s i t i e s  with ener- 

g i e s  above t h e  thresholds  o f  commonly flown thin-windowed 

G .  M .  tubes during per iods  of r e l a t i v e  magnetic dis turk)ance,  

These acce le ra t ion  events  could provide t h e  r ap id  and dra- 

matic inc reases  of  ou te r  zone e l e c t r o n  (E > 40 keV) inten- 

s i t i e s  observed during these  magnetic condi t ions  [ef. Owens 

and Frank, 19681. 
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Fiqure cap t ions  

P l a t e  l a .  A color-coded energy-time ( E - t )  spectrogram 

f o r  p r e c i p i t a t e d  e l e c t r o n  i n t e n s i t i e s  over 

F o r t  Churchi l l ,  Canada, on 2 1  December 1968. 

The absc issa  and o r d i n a t e  a r e  Universal  T i m e  

and e l e c t r o n  energy, r e s p e c t i v e l y .  The de- 

t e c t o r  responses a r e  coded v i a  a  curve i n  the 

co lo r  s o l i d ,  i . e . ,  b lue  (low e l e c t r o n  inten- 

s i t i e s )  through red  (high e l e c t r o n  i n t e n s i t i e s )  

P l a t e  l b .  Continuation of P l a t e  l a  f o r  simultaneous 

measurements of low-energy trapped proton in -  

t e n s i t i e s .  

Figure 1. Line reproduct ions of a l l - sky  camera photo- 

graphs a t  F o r t  c h u r c h i l l ,  Manitoba, Canada on 

2 1  December 1968. The s o l i d  c i r c l e s  accompanied 

by arrows i n d i c a t e  t h e  i n t e r s e c t i o n s  of the 

magnetic f i e l d  l i n e s  pass ing  through t h e  in -  

s tantaneous s a t e l l i t e  p o s i t i o n s  with a s u r -  

face  a t  an a l t i t u d e  of  100 ki lometers  (after 

Mosier and Gurnett  [I9711 ) . 
Figure 2 .  Several  d i r e c t i o n a l ,  d i f f e r e n t i a l  energy spec- 

trums f o r  trapped and p r e c i p i t a t e d  e l e c t r o n  

i n t e n s i t i e s  observed on 2 1  Decernber 1968 (see 

P l a t e  l a ) .  



Figure 3. Directional intensities of electrons E > 45 k e V  

(top panel) and of directional energy fluxes 

of lower energy electrons 50 < E 2 15,000 eV 

(bottom panel) for a segment of the time period 

covered by Plates la and lb . 
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